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HGJH GHWHFWLRQ WHFKQLTXHV +HQFH WKH SHUIRUPDQFH RI WKHVH DSSOLFDWLRQV KLJKO\ GHSHQGV RQ WKH DGRSWHG HGJH
GHWHFWLRQPHWKRG9DULRXV DSSURDFKHV KDYH EHHQ SURSRVHG IRU GHWHFWLRQ RI HGJHV 7KH WUDGLWLRQDO HGJH GHWHFWLRQ
PHWKRGVDUHEDVHGRQJUDGLHQWEDVHGWHFKQLTXHVDQGODSODFLDQEDVHGWHFKQLTXHV0DQ\UHVHDUFKDUWLFOHVKDYHEHHQ
SURSRVHG LQ WKH DUHD RI HGJH GHWHFWLRQ EDVHG LPDJH SURFHVVLQJ (GJH H[WUDFWLRQ WHFKQLTXHV DUH DSSOLHG LQ VFHQH
FKDUDFWHU GHWHFWLRQ  (GJH LQIRUPDWLRQ LV RQH RI WKH LPSRUWDQW FKDUDFWHULVWLFV LQYROYHG LQ WKH 2SWLFDO &KDUDFWHU
5HFRJQLWLRQ2&5(GJHGHWHFWLRQRSHUDWRULVDQHVVHQWLDOUHTXLUHPHQWLQWKHILHOGRIUHPRWHVHQVLQJGXHWRWKH
FRPSOH[ODQGPDUNVLQWKHLPDJHGDWD7KH\DUHDOVRH[SORLWHGIRUVDWHOOLWHEDVHGWHUUDLQPDSSLQJDQGK\SHUVSHFWUDO
LPDJH FODVVLILFDWLRQ  3URSHU HGJH GHWHFWLRQ DQG H[WUDFWLRQ RI HGJHV LV D QHFHVVLW\ IRU YHKLFOH WUDFNLQJ DQG
LGHQWLILFDWLRQ(GJHLQIRUPDWLRQLVDNH\UHTXLUHPHQWLQXQGHUZDWHULPDJHSURFHVVLQJDSSOLFDWLRQV(GJHGHWHFWLRQ
DOVRSOD\VDQLPSRUWDQWUROHLQWKHUPRFKHPLFDODSSOLFDWLRQVOLNHLPDJHEDVHGIODPHPRQLWRULQJHDUO\ILUHGHWHFWLRQ
ILUH HYDOXDWLRQ DQG IODPH DQG ILUH SDUDPHWHUPRQLWRULQJ $QRWKHU LPSRUWDQW ILHOGZKLFK UHTXLUHV HIILFLHQW HGJH
GHWHFWLRQLVPHGLFDOLPDJHSURFHVVLQJ3URSHUGHWHFWLRQRIHGJHVLQPHGLFDOLPDJHVDUHQHHGHGIRUSURSHUPHGLFDO
GLDJQRVLV
,Q WKLV SDSHU D VSDUVH EDQGHG ILOWHU PDWULFHV EDVHG DSSURDFK LV XVHG IRU GHWHFWLQJ HGJHV IURP LPDJHV 7KH
SURSRVHGPHWKRGXVHVWKHFRQFHSWRIVSDUVHEDQGHGILOWHUPDWULFHVGHVLJQHGE\6HOHVQLFNHWDOIRURQHGLPHQVLRQDO
VLJQDO SURFHVVLQJ  ,Q WKLV SURSRVHG PHWKRG WKH VDPH ILOWHU GHVLJQ LV H[WHQGHG IRU WZR GLPHQVLRQDO LPDJH
SURFHVVLQJDSSOLFDWLRQQDPHO\HGJHGHWHFWLRQ7KHUHPDLQLQJSDSHU LVRUJDQL]HGDVIROORZVH[LVWLQJPHWKRGVDUH
SUHVHQWHGLQVHFWLRQIROORZHGE\WKHGHVFULSWLRQRIWKHSURSRVHGPHWKRGIRUHGJHGHWHFWLRQLQVHFWLRQ6HFWLRQ
QDUUDWHVWKHH[SHULPHQWDOUHVXOWVDQGDQDO\VLVDQGVHFWLRQFRQFOXGHVWKHSDSHU
([LVWLQJ0HWKRGV
$QHGJHUD\ILOWHU LVXVHGWRGHWHFW WKHVFHQHFKDUDFWHU  ,Q WKLVZRUN&DQQ\DQG(GJH3UHVHUYLQJ6PRRWKLQJ
)LOWHU(36)LVXVHGWRH[WUDFWWKHHGJHV$QHZ(GJH4XDVL&RQQHFWLYLW\$QDO\VLV(4&$LVXVHGWRHQKDQFHWKH
SHUIRUPDQFHRIWKHGHVLJQHGHGJHUD\ILOWHU%DVHGRQWKHFRQFHSWRIOLQHDUDOJHEUD6DYLW]N\*ROD\)LOWHUGHVLJQLV
XVHGIRUHGJHGHWHFWLRQ7RQJ&KXQ\DHWDOSURSRVHGWKHHGJHGHWHFWLRQPHWKRGEDVHGRQWKHSDUDOOHOSURFHVVLQJ
))7: DQG *DERU ZDYHOHW ))7: LV WKH 'LVFUHWH )RXULHU 7UDQVIRUP ')7 FDOFXODWLRQ OLEUDU\ GHYHORSHG E\
VXSHUFRPSXWLQJ WHFKQRORJ\ JURXS LQ0,7
V FRPSXWHU VFLHQFH ODERUDWRU\  )RU VDWHOOLWH EDVHG WHUUDLQPDSSLQJ D
ELODWHUDO ILOWHULQJZLWK&DQQ\ HGJHGHWHFWLRQ WHFKQLTXH LV SURSRVHG LQ :KLOH DSSO\LQJ WKH ELODWHUDO ILOWHU EDVHG
RSHUDWRULWDVVLJQVZHLJKWVWRWKHHGJHSL[HOVDQGKHQFHKLJKOLJKWVHGJHSL[HOVLQDQLPDJH,QDQHGJHGHWHFWLRQ
EDVHG RQPHDQ VKLIW DOJRULWKP LV SURSRVHG0HDQ VKLIW LV D QRQSDUDPHWULF HVWLPDWLRQPHWKRG EDVHG RQ GHQVLW\
JUDGLHQW.DW\3R.L7DQJHWDOSURSRVHGDFURVVILOWHUEDVHGHGJHGHWHFWLRQDSSURDFK&URVVILOWHUPHWKRGLVDWZR
SKDVHILOWHULQJDSSURDFKFRPELQLQJWKH&DQQ\RSHUDWRUZLWKWKHSOXVDQGPXOWLSOLFDWLRQFURVVILOWHUV0RGLILHG.
PHDQVDOJRULWKPLVXVHGIRUXQGHUZDWHULPDJHHGJHGHWHFWLRQ$QDXWRDGDSWLYHHGJHGHWHFWLRQDOJRULWKPLVXVHG
IRU IODPH DQG ILUH SDUDPHWHU GHWHFWLRQ ,Q WKLV DSSURDFK WKH FRDUVH DQG VXSHUIOXRXV HGJHV LQ D IODPH LPDJH DUH
GHWHFWHGDQGWKHQWKHEDVLFHGJHVDUHLGHQWLILHGE\6REHORSHUDWRU,QSURSRVHVDFHOOXODUDXWRPDWDEDVHGHGJH
GHWHFWLRQ IRU FDQFHURXV FHOO GHWHFWLRQ LQ EUDLQ LPDJHV &HOOXODU DXWRPDWD FRQFHSWZDV LQLWLDOO\ SURSRVHG E\9RQ
1HXPDQQ DQG 6WDQ8ODQ DQG DOO WKH RSHUDWLRQV LQ FHOOXODU DXWRPDWD DUH EDVHG RQ FHOOV $ IUDFWLRQDO RUGHU HGJH
GHWHFWLRQRSHUDWRU LVXVHGLQIRUPHGLFDO LPDJHIHDWXUHH[WUDFWLRQ,WXVHVDILUVWRUGHU6REHORSHUDWRUEDVHGRQ
*UXQZDOG/HWQLNRY*/IUDFWLRQDOGHULYDWLYHDOJRULWKP ,Q &DL;LD'HQJHWDOSURSRVHGDQ LPSURYHG&DQQ\
HGJHGHWHFWLRQEDVHGRQPRUSKRORJLFDOILOWHULQJ7KHEDVLFPRUSKRORJLFDOILOWHULQJRIRSHQDQGFORVHDUHXVHGIRUWKH
VPRRWKHQLQJ RI WKH LPDJH /LIWLQJ ELRUWKRJRQDO ZDYHOHW EDVHG HGJH GHWHFWLRQ LV SURSRVHG LQ  DQG WKHLU
H[SHULPHQWDOUHVXOWVFODLPVWKDWOLIWLQJELRUZDYHOHWLVDSSURSULDWHIRUGHWHFWLQJWKHHGJHGLVFRQWLQXLWLHVLQJUD\
OHYHOLPDJHV$QDXWRPDWLFORFDOWKUHVKROGLQJDOJRULWKPIRU6\QWKHWLF$SHUWXUH5DGDU6$5LPDJHHGJHGHWHFWLRQ
LVSURSRVHG LQ $VLPSOH;25EDVHG LPDJHGHWHFWLRQ LVXVHG IRUJUD\VFDOH LPDJHV LVSURSRVHG LQ  ,WXVHVD
6LPSOH ELWZLVH;25 6;25 ORJLFDO RSHUDWRU GHWHFWLRQ RI HGJHV $QLVRWURSLF *DXVVLDQ NHUQHO KDV GLIIHUHQW
VWDQGDUGGHYLDWLRQIRU[DQG\GLUHFWLRQVDQG WKLV LVH[SORLWHG IRUHGJHGHWHFWLRQSXUSRVH LQ $QDGDSWLYHHGJH
GHWHFWLRQDOJRULWKPEDVHGRQJUD\VFDOHPRUSKRORJ\LVSURSRVHGLQ,WSURSRVHVDPXOWLVFDOHDQGPXOWLIRUPJUD\
VFDOHPRUSKRORJ\ DOJRULWKP 3UDGLSWD 5R\ HWDO DSSOLHV.DOPDQ ILOWHU SUHGLFWRU IRU GHWHFWLRQ RI HGJHV LQ QRLV\
HQYLURQPHQWV ,Q WKLV DSSURDFK D.DOPDQ ILOWHUEDVHGSUHGLFWRU UXQV LQKRUL]RQWDODQGYHUWLFDOGLUHFWLRQVDQG WKH
HUURUEHWZHHQWKHHVWLPDWHGDQGDFWXDOSL[HOYDOXHVKHOSVLQHGJHORFDOL]DWLRQ%DVHGRQWKHFRQFHSWRIZHLJKWHG
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PHDQDQLQWHUYDOYDOXHGIX]]\UHODWLRQIRUHGJHGHWHFWLRQRIJUD\VFDOHLPDJHVLVXVHG$UWLILFLDO1HXUDOQHWZRUN
EDVHGHGJHGHWHFWLRQZLWK$GDSWLYH1HXUR)X]]\ ,QIHUHQFH6\VWHP $1),6 LVXVHG IRU HGJHGHWHFWLRQ LQ DFWLRQ
UHFRJQLWLRQ
3URSRVHG0HWKRGIRU(GJH'HWHFWLRQ
7KHSURSRVHGPHWKRGXVHV WKHVSDUVHEDQGHGILOWHUPDWULFHVGHVLJQHGE\6HOHVQLFNHWDO  WRGHWHFW WKHHGJH
LQIRUPDWLRQIURPWKHLPDJHV,QWKLVVHFWLRQWKHVSDUVHEDQGHGKLJKSDVVILOWHUGHVLJQLVGLVFXVVHGIROORZHGE\WKH
SURSRVHGHGJHGHWHFWLRQDSSURDFK
 %DQGHG)LOWHU0DWULFHV
7KHGHVLJQDQGLPSOHPHQWDWLRQRI]HURSKDVHQRQFDXVDOUHFXUVLYHKLJKSDVVILOWHUVLQWHUPVRIEDQGHGPDWULFHV
DUHZHOOH[SODLQHGLQ
/HWXVFRQVLGHUWKHGLIIHUHQFHHTXDWLRQRIWKHILUVWRUGHU%XWWHUZRUWKKLJKSDVVILOWHUDV
         D \ Q D \ Q [ Q [ Q  
ZKHUH    [ Q \ Q DUHWKHVHTXHQFHRILQSXWVLJQDODQGWKHILOWHURXWSXWUHVSHFWLYHO\
7KLVFDQEHZULWWHQLQPDWUL[IRUPDV
 $\ %[  

ZKHUH $ DQG % DUH WKH EDQGHG PDWULFHV RI VL]H    1 1 DQG    1 1 UHVSHFWLYHO\ LV JLYHQ LQ
HTXDWLRQ7KHOHQJWKRIWKHLQSXWVLJQDOLVUHSUHVHQWHGE\1
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7KHIUHTXHQF\UHVSRQVHRIWKLVILOWHULVXQLW\JDLQDW VLQFHWKHVHFRQGWHUPRIWKHQXPHUDWRUEHFRPHV]HUR
ZKHQ ]  DQG LWV ILUVWGGHULYDWLYHV DUH ]HUR WKHUH7KHUHIRUH WKH IUHTXHQF\ UHVSRQVH LVPD[LPDOO\ IODW DW
 KHQFHWKLVLVD]HURSKDVHGLJLWDOILOWHU
7KH ILOWHU LV GHILQHG E\ WKH SRVLWLYH LQWHJHU G DQG E\  7KH SDUDPHWHU FDQ EH VHW VR WKDW WKH IUHTXHQF\
UHVSRQVHKDVDVSHFLILHGFXWRIIIUHTXHQF\
6ROYLQJIRU JLYHV
  FRV 
 FRV 
G
F
F



7KH]HURSKDVHKLJKSDVV%XWWHUZRUWKILOWHUJLYHQLQHTXDWLRQFDQEHLPSOHPHQWHGXVLQJHTXDWLRQ % LVD
EDQGHG VSDUVH PDWUL[ RI VL]H     1 G 1  $ LV D VTXDUH V\PPHWULF EDQGHG VSDUVH PDWUL[ RI VL]H
     1 G 1 G %RWKWKHVSDUVHEDQGHGPDWULFHVKDYHGGLDJRQDOVDERYHDQGEHORZWKHPDLQGLDJRQDO
(GJH([WUDFWLRQ
,Q WKHSURSRVHGPHWKRG WKHVSDUVHEDQGHGKLJKSDVVILOWHU LVDSSOLHGURZZLVHDQGFROXPQZLVH WRH[WUDFW WKH
YHUWLFDODQGWKHKRUL]RQWDOHGJHVUHVSHFWLYHO\
7KHSURSRVHGPHWKRGFRQVLVWVRIWKHIROORZLQJVWHSV
 /HWXVFRQVLGHU DQ LQSXW LPDJH ; 0 15 7KLV LV VXEMHFWHG WRERUGHU UHSHWLWLRQZKRVH VL]H LV UHSUHVHQWHG
E\      ; 0 G 1 G5 ZKHUHGUHIHUVWRWKHRUGHURIWKHILOWHU7KHUHIRUHWKHVL]HRIVSDUVHEDQGHGPDWULFHV
$ DQG % LV  1 1 DQG    1 1 G UHVSHFWLYHO\
 (DFKURZRIWKHLPDJHUHSUHVHQWHGDVLVSDVVHGDVDQLQSXWWRWKHHTXDWLRQWRREWDLQWKHILOWHU
RXWSXW
 (DFKURZRIWKHLPDJHUHSUHVHQWHGDVLVUHYHUVHGDQGSDVVHGDVDQLQSXWWRWKHHTXDWLRQWR
REWDLQWKHILOWHURXWSXW7KHREWDLQHGRXWSXWVHTXHQFHLVUHYHUVHGDQGLVGHILQHGE\
 7KH ILOWHURXWSXW VHTXHQFHREWDLQHG LQ VWHS  DQG  DUH DGGHG WR H[WUDFW WKHYHUWLFDO HGJH LQIRUPDWLRQ
7KLVLVPDWKHPDWLFDOO\H[SUHVVHGDV

 
 Ö
\ \ \Y Y Y  

 7KHVWHSVDUHUHSHDWHGIRUDOO WKHURZV LQ WKH LQSXW LPDJH WRGHWHFW WKHYHUWLFDOHGJHVRI WKH LPDJH
UHSUHVHQWHGDV Y<
0 15 
 7KHVDPHSURFHGXUHVWHSVLVUHSHDWHGIRUHDFKFROXPQRIWKHLPDJH   ; 0 GF 5 
 7KHILOWHURXWSXWVHTXHQFHIRUHDFKFROXPQLVPDWKHPDWLFDOO\H[SUHVVHGDV
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UHVL]HG WR WKH VWDQGDUG GLPHQVLRQ    7KH LQSXW SDUDPHWHUV IRU WKH VSDUVH EDQGHG KLJKSDVV ILOWHU GHVLJQ
QDPHO\GHJUHHFXWRIIIUHTXHQF\DQGWKHOHQJWKRIWKHLQSXWVHTXHQFHDUHVHWDVUHVSHFWLYHO\7KHLQSXW
LPDJH RI VL]H   LV VXEMHFWHG WR ERUGHU UHSHWLWLRQ LQ RUGHU WR PDWFK WKH OHQJWK RI WKH VHTXHQFH HDFK
URZFROXPQRI WKH LQSXW LPDJHJLYHQDV LQSXW WR WKHILOWHUGHVLJQ7KHH[SHULPHQW LV LPSOHPHQWHG LQ0$7/$%
7KH UHVXOWV RI WKH VWDWHRIWKHDUWPHWKRGV DUH REWDLQHG XVLQJ LQEXLOW FRPPDQG LQ0$7/$%ZLWK GHIDXOW LQSXW
SDUDPHWHUYDOXHV7KHYLVXDOFRPSDULVRQVRIWKHHGJHGHWHFWLRQUHVXOWVREWDLQHGE\WKHSURSRVHGWHFKQLTXHZLWKWKH
H[LVWLQJPHWKRGVDUHVKRZQLQ)LJ)LJDQG)LJ7KHVXEMHFWLYHDQDO\VLVVKRZVWKDWRXUSURSRVHGPHWKRGRI
HGJHH[WUDFWLRQXVLQJVSDUVHEDQGHGPDWUL[ILOWHUJLYHVWKHFRPSDUDEOHUHVXOWVWRWKHVWDWHRIWKHDUWPHWKRGV7KH
DGYDQWDJHVRI WKHSURSRVHGPHWKRGRYHU WKHH[LVWLQJPHWKRGVDUH WKDW WKHGLVFRQWLQXLW\ LQHGJHVH[WUDFWHGE\ WKH
SURSRVHGWHFKQLTXHLVOHVVZKHQFRPSDUHGZLWKWKHUHVXOWVREWDLQHGE\WKHH[LVWLQJPHWKRGVZLWKRXWDQ\SDUDPHWHU
WXQLQJ7KLVLVHYLGHQWLQWKHLPDJHVVKRZQLQWKHILUVWWRILIWKURZLQ)LJ)LJ
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








)LJ9LVXDOFRPSDULVRQRIHGJHGHWHFWLRQE\WKHSURSRVHGWHFKQLTXHZLWKWKHVWDWHRIWKHDUWPHWKRGV
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
)LJ9LVXDOFRPSDULVRQRIHGJHGHWHFWLRQE\WKHSURSRVHGWHFKQLTXHZLWKWKHVWDWHRIWKHDUWPHWKRGV
&RQFOXVLRQ
,Q WKLVSDSHU WKH VSDUVH EDQGHG ILOWHUPDWULFHV DUH DSSOLHG WR H[WUDFW WKH HGJH LQIRUPDWLRQ LQ WKH LPDJHV7KH
SURSRVHG PHWKRG LV H[SHULPHQWHG RQ VWDQGDUG LPDJHV DQG WKH UHVXOWV SURYHV WKDW WKH HGJHV H[WUDFWHG E\ RXU
SURSRVHG WHFKQLTXH KDYH OHVV GLVFRQWLQXLW\ ZKHQ FRPSDUHG ZLWK WKH H[LVWLQJ HGJH GHWHFWLRQ PHWKRGV 7KH
DGYDQWDJH RI RXUPHWKRG LV WKDW WKH VSDUVLW\ SURSHUW\ RI WKH EDQGHG ILOWHU OHDGV WR HIILFLHQW FRPSXWDWLRQRI HGJH
H[WUDFWLRQZLWKRXWDQ\SDUDPHWHU WXQLQJ$VRXU IXWXUHZRUN WKHEDQGHG ILOWHUVFDQEH LPSOHPHQWHGDV ORZSDVV
ZKLFKFDQEHDSSOLHGLQLPDJHGHQRLVLQJ
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7KHDXWKRUVZRXOGOLNHWRWKDQN,YDQ:6HOHVQLFNDQGKLVWHDPPHPEHUVZKRKDYHJLYHQWKHRSHQDFFHVVWRWKH
0DWODE FRGH WR JHQHUDWH VSDUVH EDQGHG ILOWHU :H ZRXOG DOVR OLNH WR WKDQN WKH DQRQ\PRXV UHYLHZHUV IRU WKHLU
YDOXDEOHFRPPHQWVDQGWLPH
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